In 2014 the three-year interdisciplinary study SiRENE (Short and Long Term E ects of Tra c Noise Exposure) was launched in Switzerland. The goal of SiRENE is to investigate acute, short-and long-term e ects of road, railway and aircraft noise exposure on annoyance, sleep disturbances and cardio-metabolic risk. The study is based on a detailed Swiss-wide assessment of transportation noise exposure, including diurnal distributions. The exposure analysis comprises current as well as historical exposure calculations for up to 20 years in the past. We present the major challenges of compiling su cient data to support a Swiss-wide model for all buildings and including all transport infrastructure as a basis for the subsequent SiRENE sound exposure analysis for the years 2011, 2001 and 1991. The task is particularly challenging for the early years due to poor data quality and/or lack of availability. We address the integration of geo-referenced input datasets from various sources and time periods, the assignment of tra c noise exposure from façade points to dwelling units, as well as the processing of tra c information and statistics. Preliminary results of the noise exposure calculations are presented.
Introduction
Transportation noise, largely from road, railway and aircraft tra c, is one of the most widespread sources of environmental stress and discomfort in daily life. Viewed mainly as an urban problem, it impacts a large proportion of the population in Europe. Based on the EU strategic noise maps, covering approximately 20% of the total population in 2010, an estimated 50% of residents in agglomerations with >250,000 inhabitants are exposed to road trafc noise of ≥55 dB Lden [1] . This led European legislation to adopt the European Noise Directive, END [2] , which is currently being implemented by the member states [3] . END aims at monitoring and mapping environmental noise, to inform the public and to initiate noise mitigation and abatement actions.
Little is known, however, about how acute and shortterm noise e ects translate into long-term health consequences. In particular, it is unclear which acoustical characteristics of noise from di erent transportation sources are most detrimental for human health and wellbeing. To date, research and noise policy has mainly focused on annoyance and metrics capturing average exposure (e.g. Lden, Lnight) [4] [5] [6] . Despite certain limitations, for example in communicating noise exposure in a comprehensible way to the public [7] , such energy-based exposure measures seem to predict su ciently well annoyance or disturbance [8] . However their application to forecast the impact of noise on sleep has not met with much success [9] [10] [11] [12] [13] . Whereas the probabilities of event-related awakenings and cardiovascular arousals clearly increase with the maximum sound pressure level of noise events (Lmax, SEL) [4, 14, 15] , average noise metrics usually fail to predict sleep disturbances su ciently [16] [17] [18] . Thus, depending on whether the noise source is intermittent (e.g., passing ights or trains) or continuous (e.g., road tra c from a highway), the e ects of noise on sleep might be better predicted by the number of noise events and their characteristics [19] . There is, for example, evidence that railway noise at comparable average levels across a night elicits stronger reactions in the sleeping individuals compared to noise from other transportation modes [20] . It has been proposed that the distribution of maximum sound pressure levels and the relatively short rise time of railway noise events are primarily responsible for the increased reaction probability, as compared for example to road trafc noise events. For these reasons, it is essential not only to evaluate the average exposure levels for possible longterm health e ects but also investigate more detailed exposure assessment characteristics, in particular the degree of intermittence and the distribution of maximum sound pressure levels, and also the diurnal variation of exposure.
The SiRENE project (Short and Long Term E ects of Transportation Noise Exposure) aims at investigating the health e ects of exposure to transportation noise in the Swiss population. We focus on the relationship between noise exposure from individual and combined transportation sources and three main outcomes: annoyance, sleep disturbances and cardio-metabolic risk. Cardio-metabolic morbidity and mortality is investigated, with the aim to derive exposure-response associations for the various transportation noise sources, using data from two on-going Swiss epidemiological studies (SAPALDIA and SNC, see below) dating back to the 1990s. Underpinning and linking these three components is the detailed, nationwide modelling of road, railway and aircraft noise exposure to cohort participants' residential and occupational address.
The SAPALDIA (Swiss Study on Air Pollution and Lung Disease in Adults) Biobank is a large chronic disease cohort initiated in 1991 to investigate the e ects of air pollution on respiratory and cardiovascular health in adults [21, 22] . The baseline survey (1991, SAPALDIA 1) included 9,561 subjects residing in eight geographically distinct urban and rural communities across Switzerland. Two follow-up surveys have since been conducted, including 8,047 subjects in 2000 (SAPALDIA 2) and ∼6,000 in 2010-11 (SAPAL-DIA 3). Over the 20 year period, detailed questionnaire information on lifestyle, sleep problems, noise annoyance, medical history and risk factors as well as blood and DNA samples have been collected and stored. Full residential history has also been compiled over the entire follow-up period, as well as addresses for secondary residence and work place. The database contains exposure relevant information including the building oor level where each participant lives, the orientation of the sleeping room relative to the street, the type and age of the building, and personal window-opening habits. The Swiss National Cohort (SNC) is a national longitudinal research platform which uses a probabilistic linkage of census with mortality records [23] . Participation in the censuses (years 1990, 2000 and 2010) was mandatory and enumeration is nearcomplete. The database is continuously updated with mortality and migration data, and the fully linked SNC includes an individual record for each person in Switzerland, a household record, and a building record including exact geocodes for the home address. It also contains exposure-relevant information including whether persons live (or lived) on the ground oor or above, type of the housing (e.g. detached house, apartment), and age of the building or date of the last renovation.
The accuracy of geocodes in SAPALDIA and the SNC is essential, directly impacting the accuracy of the noise exposure assessment as a whole. Pilot work in SAPAL-DIA suggested that annoyance can be used as an internal validation criterion to improve exposure assignment, and that building age is one of the most important modifying factors [24] . Furthermore, the SAPALDIA and SNC cohorts span several decades over which transportation in Europe has shown steady growth [25] , altering the soundscape and exposure situation for many residents. Recognizing this spatial and temporal change in noise levels across the population is crucial for the epidemiological analysis, in order to minimize exposure misclassi cation in the assessment of long-term health e ects.
In the following, we present the noise exposure analysis of SiRENE and the major challenges of this task. We address the integration of geo-referenced input datasets from various sources (infrastructure and building datasets, population data address directories and geocodes of study participants), the processing of tra c information, the noise calculations as well as the assignment of tra c noise exposure characteristics from façade points to dwelling units.
Methods . Overview
According to the overall objective of SiRENE, noise exposure data is required for virtually all residential households in Switzerland -essentially each dwelling of every building. Precondition for the corresponding exposure assessment is detailed and accurate information about building coordinates and heights as well as the number of oors per building. For each building and oor, façade points are de ned for which noise calculations for road, railway and aircraft noise are performed for the years 2011, 2001 and 1991. Due to the three decades of interest in the SiRENE project, represented by three speci c years, data compilation and processing of adequate input data is repeated for each year.
The number of dwellings per building can be extracted from census data. The façade points are assigned to dwelling units, allowing for a detailed exposure analysis per unit. Using the census data (GWS 2011), each building record is geocoded and has the number of residents attributed. The same applies for participants of SAPAL-DIA and SNC cohorts, which are also assigned to distinct dwelling units as part of this noise exposure analysis. Fig. 1 . Flow chart depicting the data processing, from the input data to the exposure analysis. Further information about sonROAD is available in [26] , for sonRAIL in [27] and FLULA2 in [28] .
In SiRENE we implement a more detailed temporal evaluation of noise exposure than recommended in the Swiss Noise Abatement Ordinance (NAO) [29] to have estimates relevant to the actual sleeping behavior of the population. Time periods in the SiRENE project are: 07:00-19:00 L Day , 19:00-23:00 L Evening , 23:00-07:00 L Night . A particular focus is on the late night and early morning hours when a large proportion of the population is still asleep. The night period is thus subdivided into four further partitions: 23:00-01:00, 01:00-05:00, 05:00-06:00, and 06:00-07:00.
Our analysis is based on and closely related to the sonBASE Project [30] , the Swiss Noise Geodatabase application. Some of the input data used for SiRENE is already incorporated in sonBASE, such as building outlines and the de nition of the façade points. Another main reason for using sonBASE is the pre-calculated attenuations database between emission source and façade points. The following sections present the detailed data processing and methodology for the calculation year 2011, as well as strategies to overcome data availability issues for the calculation years 2001 and 1991.
. Building outlines and de nition of façade points
Building outlines from the period 1998 -2006 are de ned in the digital landscape model of Switzerland (1:25,000 VECTOR25) from the Swiss Federal O ce of Topography, Swisstopo [31] . VECTOR25 displays connected houses as single buildings. Thus, one building can have several entrances and dwellings. The accuracy of position of the building polygons is in the order of 3 -8 metres.
The building heights are derived by incorporating information from a digital surface model (DSM) and digital terrain model (DTM) from Swisstopo. The DSM provides three-dimensional information for all arti cial and natural obstacles and objects on earth's surface, while the DTM displays solely the natural terrain. The deviation between these two datasets is used to determine the height of the buildings, and subsequently the number of oors. The number of oors is based on an assumed 2.5 to 3.3 metre oor height, with a base height of 1.5 metres.
On the de ned buildings we assign façade points. Façade or receiver points represent the 3-D point location at which the incoming transportation noise is calculated. A maximum of 3 façade points, spaced a minimum distance of 5 metres, are speci ed for each façade and oor of all buildings. We created a total of 54,300,000 façade points, assigned to 1,813,000 buildings throughout Switzerland.
Buildings and façade points for earlier periods are also necessary to calculate noise exposure for 2001 and 1991. 
. De nition of dwelling units and assignment of façade points
In a further step, these façade points are assigned to dwelling units within the buildings. The building footprints in VECTOR25, however, do not include separating walls between dwellings. In order to de ne distinct dwellings, we use geo-coded raster point information about dwelling units, obtained from the building and dwelling statistics (GWS) from the Swiss Federal Statistics O ce. These GWS points are located inside each VEC-TOR25 building. The number of points contained in each VECTOR25 building indicates how many distinct dwellings are contained within. Hence, multiple GWS coordinates can point to the same VECTOR25 building and, given that a building may have more than one oor with an assumed one dwelling per oor, multiple dwellings may be associated with the same GWS coordinates. The GWS points allowed us to subdivide buildings into dwelling units by creating Voronoi (or Thiessen) polygons in ArcGIS (Figure 2 ). This approach does not claim to generate a realistic representation of the dwelling units. It is, however, su cient for delineating the correct number of dwellings per building.
Due to a temporal mismatch between the GWS data (compiled in 2010) and older VECTOR25 data, these two datasets do not necessarily match. For example, if a building was replaced by a new construction, the GWS point might be displayed outside the VECTOR25 building outline. GWS points are thus assigned to the nearest building outline with a threshold distance of 20 metres. All GWS points beyond this threshold are eliminated. A possible solution to this problem could be the generation of a default building around GWS points more than 20 metres from an existing building outline. While this approach fell short of computing capacity and this is a very rare case, we decided to erase these entrance points without substitution.
The number of inhabitants per GWS point is next assigned to the subdivided buildings respectively to individual dwelling units. SNC datasets already contain the number of inhabitants per dwelling and furthermore the oor on which they reside [23] .
The nal step is to assign the façade points available in sonBASE to dwelling units ( Figure 3 ). Dwellings typically span buildings, and have more than one facade point. The subsequent epidemiological analysis in SiRENE considers both the highest exposure of each dwelling and also the potential bene t of quiet façades. Since we use Voronoi polygons and existing façade points from sonBASE, there is the possibility that some dwellings are left without a façade point. Dwelling units A and B in Figure 3 contain no façade point within their boundaries, thus the closest façade points are assigned (e.g., façade points a1 and a2 are assigned to A; b1 and b2 are assigned to B).
. Data processing and noise calculation . . Road tra c
Road tra c noise exposure calculation requires information about the geometry and classi cation of all streets as well as detailed tra c statistics, including yearly averages and diurnal variations, for all vehicle categories. Statistics and datasets concerning this information vary in quality and availability, and historical information is often particularly di cult to obtain.
The geometries of all existing roads in Switzerland are based on the su ciently accurate VECTOR25 street section dataset. We supplement this with further geo-referenced data including: -slope of each road section, -road type and width, -speed limit, -bridge construction height, and -tra c statistics.
To obtain the slope of each road section, we projected the VECTOR25 data on the DSM and calculated change in slope. Consequently the road is subdivided into sections corresponding to the changes of slope. Information about the correct height of bridge constructions is derived by manually overlaying VECTOR25 with DSM.
Information about noise barriers was obtained from the Federal Road O ce (FEDRO) and the cantonal o ces for infrastructure and tra c. The year of construction is available for ∼20% of the noise barriers. Adequate data speci cally for the years 2001 and 1991 is not available. State and cantonal expenditures on noise barriers indicate that the large majority of the noise barriers in Switzerland have been built after 2000 (∼85%), hence we assume that if there is no construction date, it did not exist in 1991 or 2001 [32] .
By comparing the geo-data with satellite images we controlled and corrected the dataset. False noise barriers, such as bushes and shrubs which were sometimes coded as noise barriers by mistake, were manually deleted. We rendered the surface resolution more precisely by generating a Triangulated Irregular Network (TIN) from a 2 × 2 metre resolution DTM using ArcGIS 3D Analyst. Thus more obstacles such as small hills or slopes, which in uence the sound propagation similarly to a noise barrier, could be identi ed. In the case of missing values for height of the noise barriers, we assumed a default value of 3.5 metres for barriers proximate to highways and 2 metres for all other barriers. In total we incorporated 1,700 noise barriers (with an overall length of 238 km) at cantonal roads and 870 noise barriers (284 km) at national highways. Default height values were assigned to 30% of the barriers at cantonal roads. As there was no information for the barrier heights at national highways, 100% of these barriers were assigned the default height.
Tra c information can be gathered from tra c census monitoring systems. However such data is typically only available for highways and major roads. For Switzerland the federal department of the environment, transport and energy DETEC provides annual statistics that currently cover about 17% of all streets and about 60% of the total tra c volume. In sonBASE, a sophisticated tra c model developed by Arendt Consulting, is implemented [33] [34, 35] also includes a classication of the road type and the number of lanes. In combination with information about speed limits the speci cations for each street section were de ned. Due to its high temporal and spatial resolution and tra c statistics from each street category, the model allows for a highly detailed calculation of road tra c noise for the year 2011.
For the past situations we performed a back scaling based on the simulation of 2011. In a rst step the street network was adjusted. Comparing the infrastructure of 2011 with 2001 for example this resulted in a reduction of the total street network of 3%. Then available tra c census data was again combined with information on local population density and the number of workplaces for the years 1991 and 2001. After a reevaluation with the Arendt model, scaling factors were derived for each street section.
Finally we performed the tra c noise calculation using the emission model of sonROAD [26] and the propagation model of StL-86 [36] .
. . Railway tra c
Basic geometry for railway tracks is derived from information provided by the Federal O ce of Transport (FOT). Supplemental data about the rail system, including the start and end of route sections and the coordinates of switch points, was provided by the Swiss Federal Railways (SBB). SBB also provided detailed information dating back to the 1970s about the year of construction, x-y-coordinates and height of noise barriers. Datasets contained information about a total of 2,055 noise barriers with an overall length of 244 km.
SBB provided the aggregated daily tra c for 2011 for each of the main train types, including actual driving speed. The diurnal variation of railway tra c, which is cru-cial information for the subsequent exposure calculation, is also available and will be incorporated. Historical data of railway tra c statistics will be incorporated as soon as it will be available. However it already became apparent that tra c information will not be on hand for all railway lines, especially not for the year 1991. For these railway lines, where historical data is not available, a back-scaling will be performed using global scaling parameters for passenger and freight trains.
The tra c statistics are based on a classi cation system with 9 di erent train types including intercity trains, commuter trains and freight trains. The composition of these trains is varied for each year of calculation, representing the rolling stock in use during this period. Of great importance on the resulting noise exposure level is thus the noise remediation program for rolling stock which has been conducted in Switzerland since 2000. In this program the braking systems of all Swiss vehicles with castiron brakes are replaced with braking blocks made of composite material, resulting in a noise reduction of up to 10 dB(A) [37] .
The emission of railway noise is calculated with the recently developed calculation model sonRAIL [38] . An essential part of the model is the emission data base, which has been developed based on an extensive measurement campaign and contains emission data for the major track constructions and rolling stock types used in Switzerland.
The corresponding propagation model [27] however has so far not been applied for sonBASE. As a propagation calculation for entire Switzerland was not possible within the given time frame, an attenuation database of calculations with the previous Swiss railway noise model SEMI-BEL [39] was used instead.
. . Air tra c
The nature and level of detail for air tra c data is entirely di erent to that for road and rail. Ongoing radar monitoring of each single aircraft movement for the main airports Zurich, Geneva and Basel provide a high level of detail, including exact event times and the actual own ight tracks. Combined with tra c statistics delivered by the airports, each radar track can be assigned to a speci c aircraft type. The main runways infrastructure at Swiss airports did not change since 1991. The radar data we used contains information about the x-y-and z-axis in time steps of approximately 4 seconds, from which the actual own speed is deduced.
The aircraft noise calculation is performed with FLULA2 [28, 40] , which includes a sound source database with information about sound directivity patterns of almost every conventional aircraft type operated in Switzerland. The sound source database is based on measurements of real tra c, distinguishing landings and takeo s. FLULA2 performs a time-step simulation of individual ights and yields maximum noise levels (L A,max ) and sound exposure levels (L AE ) as results.
The acoustical footprint of an aircraft is the noise exposure, on average, created by a certain aircraft type on a speci c route, calculated for a receiver grid with a constant height of 4 metres above terrain. The average is based on a su ciently large number of aircraft of the same type ying the speci ed route. By assuming that the existing air routes remain unchanged, acoustical footprints can be taken from other years if radar data is not available. In FLULA2 these acoustical footprints can be imposed with an assumed air tra c volume to calculate the air tra c noise exposure for the survey years where radar data is missing [41] .
Radar data for Zurich, the largest Swiss airport, is available for each survey year at an hourly resolution, with information about aircraft types and the own air routes. Yearly calculations for Basel airport have always been conducted in France, so data availability is limited. We therefore use data derived from a calculation made by Empa in 2001, based on highly detailed tra c statistics for this year, and 1999 footprints. Due to the lack of information, these footprints are also assumed for the exposure calculations for 2011 and 1991. For 2011 and 1991 tra c statistics from FOCA are used.
Military air elds are not taken into account with the exception of Payerne, as Payerne is of great importance for SAPALDIA. Information about military aircraft operations is generally poor. Radar data is not accessible, thus solely idealized ight paths are used. The aircraft types and the number of ights are known. However the hours of operation are only accessible in very generalized way, di erentiating morning, afternoon and evening ights.
Small air elds used for private and business aviation are not taken into account as there is no reliable data available.
Results
Key interim results for the ongoing SiRENE noise exposure analysis are presented below.
. Improvement in sound propagation calculation using topography
As already mentioned in section 2.4.1 topography is represented more precisely for the actual calculations compared to the sonBASE 2006 and previous versions. Figure 4 and Figure 5 show as an example a section of a highway close to Geneva, where the highway is embedded in a cutting before entering a tunnel. As a consequence of the rough resolution of the terrain model DHM25 of swisstopo used for sonBASE 2006 no noticeable reduction of the source takes place and sound seems to propagate freely resulting in the levels as depicted in Figure 4 . With the rened topography the basin situation is represented more accurately, yielding a prominent barrier attenuation and consequently signi cantly lower exposure levels in the vicinity of the source, as shown in Figure 5 . It can be concluded that a more detailed representation of topography results in major increase of the accuracy of the resulting exposure analysis. 
. Calculation at facade points
The exposure calculation was performed on 54,3 million façade points of 1,8 million buildings of the VECTOR25 dataset. As an example, Figure 6 shows an excerpt of a noise map including the exposure at façade points for road tra c for the period of 06:00-18:00 (L Day ). Exposure results can be broken down to single buildings, allowing the analysis of distinct buildings or areas of interest. Calculation results of a detached house parallel to a street with no re ections from surrounding buildings are shown in Figure 7 . Of each building side, the façade point with the highest exposure is represented. As can be seen, the levels vary substantially for the di erent façades. This illustrates the importance of the orientation of dwelling units as discussed in section 2.3.
. Statistical analysis for the year 2011
A total of 7,9 million inhabitants, which represent the entire Swiss population, were assigned to buildings and subsequently to distinct dwellings and façade points. For our preliminary results we assigned the inhabitants to the façade point with the highest Leq value, taking into account a potential overestimation of the true exposure as rooms like sleeping and living rooms are likely to be oriented toward less noisy façades. Figure 8 shows histograms of exposure of the Swiss population, in noise ex- The situation for air tra c di ers substantially from road tra c. First an overall decrease of the number of af-fected people can be seen. This decrease of overall air trafc noise at Zurich airport has also been stated by other investigations [42] . Second it is interesting to see how much the temporal pattern varies between the two years, indicating the great operational variability of the airport as a consequence of its three runways with di ering orientation.
Discussion
. Noise exposure assessment for environmental health studies
Accurate assessment of exposure is an essential component of any epidemiological study aiming at elucidating the exposure-response relationships. Noise models which are used for regulatory strategic noise maps (i.e. in accordance with the END) only reproduce long-term equivalent continuous sound level and do not meet the needs of SiRENE. We thus present a novel approach for calculating a highly detailed, nation-wide assessment of (individual) noise exposure. In addition to average exposure levels the potential health e ects of other noise characteristics including distribution of maximum sound pressure levels, number of events, and the diurnal variation are studied as well.
Typically the exposure assessment in socio-acoustic surveys or epidemiological studies on the cardiometabolic e ects of transportation noise is based on the gridded (mapped) output from these models [43] [44] [45] [46] [47] , while only a few use the calculation results assigned to the home address and distinct dwellings [48] [49] [50] . To our knowledge, none have considered the additional noise characteristics we compute for SiRENE in epidemiological research on long term e ects. Furthermore, except for Huss et al. [47] which was also conducted in Switzerland, none of these examples have been conducted on a nation-wide basis.
. Uncertainty of the exposure analysis
The quality of SiRENE's exposure-response analyses and risk assessments depends strongly on the reliability and credibility of the input data and the models used for the exposure calculations. As nationwide exposure data cannot be taken from measurements, models have to be used to provide a realistic representation of the exposure situation. Models as such pose a potential risk of failing to depict reality su ciently. With respect to epidemiological studies, therefore, systematic errors are more signi cant than stochastic uncertainties. Validation results of all calculation models used in SiRENE have been published before. In combination with the uncertainties of input parameters, such as the tra c modeling or the accuracy of geo-referenced data, a combined standard uncertainty of 2.7 dB for daytime road tra c noise calculations and 3.1 dB for nighttime calculations can be deduced. The resulting overall uncertainty of the A-weighted equivalent continuous sound level (L A,eq ) calculations of railway noise with sonRAIL remains below 2.5 dB for day and night [51] . Given the real eet mix of aircraft and the corresponding noise source data, the remaining standard uncertainties of the aircraft noise calculation software FLULA2 add up to 0.5 dB for daytime calculations and 1.0 dB for nighttime calculations [28, 52] . Detailed information about this topic has been previously published [30, 51, 52] .
On the noise exposure assessment side, achievements of SiRENE include compiling and re ning data about existing buildings and tra c infrastructure and integrating their true spatial position and dimensions in the subsequent exposure calculations. By not only using existing standard models, but additionally re ning and combining them with other sources, we created the most sophisticated model of the current situation in Switzerland with respect to noise. Shortcomings deriving from the temporal mismatch of input data, as described in section 2.3, have to be taken into account. However, there is no systemic error emerging from this issue and the absolute error has been kept to a minimum.
The quality of input data regarding tra c statistics has essential in uence on the accuracy of the subsequent noise exposure analysis. In contrast to railway and air trafc, statistics for road tra c were taken from a model. The Arendt model used for the road tra c statistics has proved to be relatively precise in its modelling, with a weighted deviation of 4.6% from real tra c [34] , which translates into an insigni cant variation of +0.2 to −0.2 dB(A).
. Challenges related to historical noise exposure estimation
Data quality and availability improved markedly over the past 20 years, leading to the current situation where a large variety of often high quality information is available. Although the datasets representing the present situation cannot be used without corrections and processing, the 2011 information is by far more reliable compared to datasets available from 2001 or 1991. This particularly ap-plies to the geo-referenced data such as buildings, streets and railway lines, and statistics on tra c and population. One of the main objectives of SiRENE is to depict the temporal variation in noise exposure of the Swiss population from 1991 to 2011 and to assess the long-term health e ects of noise. Thus, noise calculations representing the past years have to be performed as similar as possible to those done with the state-of-the-art models available for the current situation in 2011. As pointed out in the methods, this led to a variety of challenges mainly related to data availability.
Through our overall approach, we solved many of these problems. The solutions rely mainly on certain simpli cations, as the required datasets for the years of interest are simply not available. This includes road, railway and air tra c statistics of 1991, leading to larger uncertainties for this particular year. The uncertainty, however, is expected to be lowest for major sources such as highways, major railways and national airports. Thus, the identication of highly exposed buildings will be more accurate than in the low exposure range. The impact of this exposure assessment error on the epidemiological results will be addressed by sensitivity analyses and simulation studies.
. Conclusions and impact of SiRENE on further surveys
It is well recognized that noise exposure from transportation is one of the most widespread sources of environmental stress, especially in densely populated areas such as those in Europe and mega-cities outside of Europe. Based on population noise exposure derived from the strategic noise maps through END, the annual burden of environmental noise in Western Europe is an estimated loss of 1 -1.6 million healthy life-years [1] . As demonstrated in a recent special issue on noise, development of a common methodological framework under END for noise assessment in Europe is ongoing [53] . Improvements to the strategic noise maps in future will no doubt help to improve calculation of disease burden. Equally important, however, is the derivation of reliable exposure-response relationships based on large population studies. To support this particular type of research, more re ned exposure models for a broader range of metrics are needed compared to the outputs for strategic noise modeling. A key aspect of our exposure assessment is the evaluation of noise in three-dimensions. This allows us to link exposures to individuals based on the oor of their particular dwelling. Also, given that we estimate exposures for the entire Swiss population our subsequent exposure database can be used for other studies besides SiRENE.
